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CT Imaging in Craniosynostosis

Multidetector Computed Tomography Findings of Craniosynostosis

Abstract
Aim: The aim of this study was to investigate the demographic characteristics and multidetector computed 
tomography (MDCT) findings of children with craniosynostosis. 
Material and Methods: We retrospectively evaluated 30 patients admitted to our center with suspicion of cra-
niosynostosis and who had undergone 64-slice MDCT scans. 
Results: Overall, 12 patients were diagnosed with craniosynostosis in the study. The mean age was 11.9 months 
(2–24 months). The synostosis sites were metopic (n=4), coronal (n=4), sagittal (n=2), bilateral lambdoid (n=1), and 
metopic-coronal-lambdoid-sagittal (n=1). 
Discussion: Rapid scanning with MDCT minimizes image degradation from patient movement, especially in chil-
dren. Three-dimensional CT still has a place in the evaluation of patients with skull deformities and potential 
craniosynostosis.
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Introduction
Craniosynostosis, or craniostenosis, is the premature fusion of cranial 
sutures. It may be isolated or accompanied by craniofacial syndromes, 
such as Apert, Crouzon, Pfeiffer, Carpenter, and Saethre–Chotzen, and 
causes disfigurement of the skull. Craniosynostosis is usually clas-
sified into two categories, namely simple (one suture) and complex 
(two or more sutures) [1]. The etiology is basically divided into primary 
and secondary categories. In primary craniosynostosis, there is an in-
trinsic defect in the suture. Secondary craniosynostosis displays the 
premature closure of normal sutures because of another medical con-
dition, such as deficient brain growth. Primary craniosynostosis can 
be idiopathic or familial [2]. Secondary craniosynostosis results from 
a known underlying disorder (i.e., systemic and metabolic conditions 
such as hyperthyroidism, hypercalcemia, hypophosphatasia, vitamin D 
deficiency, renal osteodystrophy, Hurler’s syndrome, sickle cell disease, 
and thalassemia) [3].
Types of major suture synostoses include dolichocephaly, scaphoceph-
aly, brachycephaly, anterior plagiocephaly, turricephaly, posterior pla-
giocephaly, trigonocephaly, oxycephaly, and cloverleaf deformity, also 
known as kleeblattschädel [4]. 
The diagnosis relies on a physical examination and radiographic stud-
ies, including plain radiography and CT [5]. CT scans are particularly 
useful in the evaluation of calvarial deformities, intracranial abnormali-
ties, and postoperative follow-up of calvarial deformities [4].
The aim of this study was to investigate the demographic characteris-
tics and MDCT findings of children with craniosynostosis.

Material and Methods
The CT findings of 30 patients who were admitted to our center for 
suspicion of craniosynostosis were evaluated retrospectively. Twelve 
patients were diagnosed with craniosynostosis. Eighteen patients who 
had normal sutures for their age were excluded from the study. We 
therefore assessed 12 patients who had MDCT scans for craniosynosto-
sis. They were admitted to our hospital with complaints of deformities 
of the head, swelling in the head, and growth retardation. The patients’ 
demographic details were recorded and included age, sex, family histo-
ry, pregnancy/birth features (twin pregnancies, methods of birth, birth 
weight), maternal features (age, smoking, uterine malformation/fi-
broids, fertility treatment), paternal features (age, smoking, work), and 
infant sleeping position. The MDCT findings included suture synostosis 
(single and complex) and incidental findings (prominent extra-axial ce-
rebrospinal fluid (CSF), ventriculomegaly, hydrocephalus, etc.) Three-di-
mensional (3D) CT volume rendered images of the cranial suture were 
generated in all cases. For the assessment, a 64-slice MDCT scanner 
(Toshiba Aquilon, Toshiba Medical Systems, Otawara, Japan) was used, 
and the CT scans involved the administration of radiation. However, at 
our institution, we are compliant with the ALARA (as low as reasonably 
achievable) concept. The imaging parameters used were 120 kV and 150 
mA. The evaluations were done by two experienced radiologists.

Results
We evaluated the CT findings of 12 patients (male/female: 6/6) with 
craniosynostosis at our center. The mean age was 11.9 months (2–24 
months). There was no family history of craniosynostosis for any of 
the patients. The mean maternal age was 29.5 years (22–38 years) and 
the mean paternal age was 37.08 years (27–68 years). The demographic 
characteristics of the study groups are shown in Table 1. 
The MDCT findings included suture synostosis and incidental findings. 
Ten cases were simple craniosynostosis and two cases were com-
plex craniosynostosis. The synostosis sites were metopic (n=4), cor-
onal (n=4), sagittal (n=2), bilateral lambdoid (n=1), and metopic-coro-

Table 1. The demographic characteristics of the study groups
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1 12/B Sporadic 30/32 -/- - - C/S N

2 10/G Sporadic 22/30 +/- - - C/S N

3 1/G Sporadic 32/35 +/+ - + N N

4 1/B Sporadic 35/40 -/- - - C/S N

5 21/B Sporadic 33/42 -/- - - N N

6 8/B Sporadic 38/68 -/- - - C/S N

7 5/G Sporadic 24/28 -/- - - C/S N

8 24/G Sporadic 29/30 -/- - - C/S N

9 4/G Sporadic 25/27 -/- - - N N

10 7/B Sporadic 28/45 -/- - - C/S N

11 1,5/B Sporadic 31/35 -/- + + C/S N

12 1/G Sporadic 27/33 -/- - - N N

B; Boy, G; Girl, M; Maternal, P; Paternal, C/S;Caesarean Section, N; Normal

Table 2. The MDCT findings of children with craniosynostosis

Cases Suture Type of craniosynostosis Incidental Findings

1 SSS Scaphocephaly Bifrontal  extra-axial CSF

2 CSS (R) Anterior plagiocephaly Cavum septi pellucidi et vergae

3 MSS Trigonocephaly N

4 MSS Trigonocephaly N

5 CSS (R) Anterior plagiocephaly N

6 CSS (R) Anterior plagiocephaly Cerebral atrophy

7
MSS-CSS-
SSS-LSS (R) 

Trigonosefali+
Kleeblattschädel

R-frontal extra-axial CSF

8 LSS (B) Turricephaly N

9 CSS (L) Anterior plagiocephaly N

10 SSS Scaphocephaly N

11 MSS Trigonocephaly
Bifrontal  extra-axial CSF, 
Cavum septi pellucidi, 
Fontanellar(wormian) bone 

12 MSS Trigonocephaly Cavum septi pellucidi et vergae

MSS; metopik suture synostosis, CSS; coronal suture synostosis, LSS; lamdoid suture 
synostosis, SSS; sagital suture synostosis, R; right, L; left, B; bilateral.CSF; Cerebrospinal 
Fluid.

Figure 1. Trigonocephaly, 1a. Diagram of metopic suture synostosis in the characteristic 
trigone-shaped skull, 1b. Axial CT scan image shows trigonocephaly, 1c–f. Superior, anterior, 
lateral, and anterosuperior 3D MDCT volume rendered images show trigonocephaly 
secondary to premature fusion of the metopic suture.
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nal-lambdoid-sagittal (n=1) (Figures 1–5) (Table 2). 
Incidental MDCT findings were present in six patients. The incidental 
findings included extra-axial CSF (n=3), septum pellucidum variants 
(n=3), and cerebral atrophy (n=1). In addition, fontanellar bone (worm-

ian bone) was detected in one patient (Table 2). 
Five patients  had barrel stave osteotomies, which involved the expan-
sion of the vault by creating multiple parallel osteotomies. The controls 
were normal.

Discussion
Craniosynostosis occurs due to a prematurely fused cranial vault and 
presents as a craniafacial malformation [6]. The prevalence of cranio-
synostosis is different in several populations, such as the Caucasian, 
Asian, American Indian, African, and Australian populations. In the liter-
ature, most cases (72%) are sporadic. The gender distribution is similar 
for both genders [7]. In our study, the male-to-female ratio was 1:1 and 
all the cases were sporadic. The time to diagnosis of craniosynostosis 
varies according to clinical severity. Although most of the cases are 
diagnosed in the first few months, some mild cases are not diagnosed 
in the early period of life [8]. This was mirrored in our study where the 
mean age was 11.9 months.
According to the literature, the potential risk factors include white 
maternal race, advanced maternal age, male infant sex [9], maternal 
smoking [10], maternal residence at high altitude [11], use of nitrosa-
table drugs (e.g., nitrofurantoin, chlordiazepoxide, chlorpheniramine) 
[12], paternal occupation (e.g., agriculture and forestry careers, me-
chanics, repairmen) [13], fertility treatments, complications during 
pregnancy, duration of gestation, and birth weight [14,15]. In our study, 
all the mothers were of the white race and there was only one elderly 
parent. In one case, both the father and the mother smoked, while in 
another case, only the mother smoked. Only four patients were born 
vaginally. There were no twin pregnancies. All the patients had normal 
birth weights. None of the patients had a constant sleeping position 
that could cause craniosynostosis. The fathers’ occupations comprised 
mostly workers although one father was retired, another was a driver, 
and a third was a carpenter.
Plain radiography is the first step in the evaluation of suspected cra-
niosynostosis, and sutures can be identified more accurately on a CT 
scan [6]. In particular, the diagnosis of craniosynostosis includes CT 
scan with 3D surface-rendered reconstructions [16]. Moreover, rapid 
scanning with 64-slice MDCT minimizes image degradation due to pa-
tient movement; in selected cases however, patients may have to be 

Figure 2. Anterior plagiocephaly, 2a. Diagram of unilateral left coronal suture synostosis, 2b–
c. Axial and coronal CT scan images show anterior plagiochephaly secondary to premature 
fusion of the unilateral left coronal suture synostosis, 2d–f. Anterior, left anteriolateral 
oblique, and lateral 3D MDCT volume rendered images show anterior plagiochephaly. 

Figure 3. Scaphocephaly, 3a. Diagram of sagittal suture synostosis, 3b–e. Superior, lateral, 
superior, and posterior 3D MDCT volume rendered images show scaphocephaly secondary 
to premature fusion of the sagittal suture, 3f. Axial CT scan image shows scaphocephaly.

Figure 4. Turricephaly, 4a–d. Anterior, posterior, lateral, and superior 3D MDCT volume 
rendered images, 4e–f. Endocranial  3D MDCT volume rendered images show turricephaly 
secondary to bilateral lambdoid sutures synostosis and scalloping on the inner tabula of 
the skull secondary to increased intracranial pressure, 4g–h. Coronal and sagittal CT scan 
images show turricephaly and scalloping on the inner tabula of the skull secondary to 
increased intracranial pressure.

Figure 5. Trigonocephaly and cloverleaf deformity , 5a–b. Anterior-posterior and lateral plan 
radiographs show cloverleaf deformity secondary metopic, coronal, sagittal, and partial 
right lambdoid sutures synostosis and scalloping on the inner tabula of the skull secondary 
to increased intracranial pressure, 5c–i. Anterior, right lateral, posterior, left lateral, 
superior, and endocranial 3D MDCT volume rendered images, 5j–l. Axial, para-sagittal, and 
mid-sagittal CT scan images show trigonocephaly secondary metopic sutures synostosis 
and scalloping on the inner tabula of the skull secondary to increased intracranial pressure.
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sedated. Planar bone algorithm images in the axial, sagittal, and coro-
nal planes facilitate problem solving if the presence of suture fusion is 
unclear from the 3D images [4]. In our study, 3D 64-slice MDCT volume 
rendered images of the cranial suture was performed in all cases. The 
MDCT findings included suture synostosis and incidental findings.
In the literature, craniosynostosis sutures can be both isolated and 
multiple. The frequencies of the most common isolated suture types 
are sagittal suture (56%), coronal suture (25%), metopic suture (4%), and 
lambdoid suture (2%). The frequency of multiple sutures is 13% [17–19]. 
In our study, the synostosis sites comprised metopic and coronal su-
tures (33%), sagittal sutures (16%), bilateral lambdoid sutures (8%), and 
metopic-coronal-lambdoid-sagittal sutures (8%). Incidental findings 
were present in 50% of the patients. Septum pellucidum variants were 
present in three cases, and three cases of prominence of the sub-
arachnoid space and one case of cerebral atrophy were identified. The 
determination of this issue is important as it can affect surgery. It is 
possible that the presence of benign extra-axial CSF in patients under-
going cranial remodeling for craniosynostosis may predispose them 
to an increased risk of subdural bleeding [20,21]. Incidental CT findings 
should therefore be stated in the report. 
Conservative management is the mainstay for secondary craniosynos-
tosis. Surgical treatment is typical for primary craniosynostosis where 
there is an obvious restriction of brain growth and raised intracranial 
pressure. Surgery is advised as soon as the infant is able to tolerate 
it, usually between the ages of 3 and 9 months, because the calvarial 
bones are malleable and heal effectively [1,4]. In our study, five patients 
had surgery where barrel stave osteotomy was the selected method. 
There were some limitations to our study. First, our study was retro-
spective. Second, the study power was reduced because the number 
of patients was inadequate. Finally, magnetic resonance imaging (MRI) 
is an excellent tool to evaluate brain incidental anomalies such as ven-
tricular dilatation, hypoplastic corpus callosum, and hypoplastic cere-
bellar vermis. 
In conclusion, this report reviewed the criteria and methods used for 
the early diagnosis of craniosynostosis. In patients with potential risk 
factors, CT should be conducted. Rapid scanning with 64-slice MDCT 
minimizes image degradation from patient movement, especially in 
children. However, 3D CT still has a place in the evaluation of skull de-
formities and potential craniosynostosis, and the planning of surgical 
reconstruction.
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